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Fig. lb' 

FIGURE 1 
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FIGURE 4 




Fig. 5c 
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FIGURE 6 




Fig. 6a Fig.6b Fig. 6c Fig.6d Fig.6e 




FIGURE 2 
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FIGURE 7 




09/18/2000 18:23; 13 page -6- 



2326896 



55.0189 

A METHOD AND APPARATUS FO R COMPLETING A WELL FOR 
PRODUCING HYDROCARBONS OR THE LIKE 

The invention relates to the field of petroleum service and supply industries and more 
parricularry to completing welbffr 

While drilling a taking place, the integrity of i well is controlled by t drilling mud of density 
that needs to be adjusted so that the hydraulic pressure of the mud column opposes the leaks 
from the formations while simultaneously avoiding damaging the underground formations by 
fracturing them. When the drilled depth exceeds a certain value, the pressure difference due to 
the difference in depth is such that it is no longer possible to formulate a mud capable of 
performing its function over the entire length of the well, so to prevent coQapse ofthewatt.it 
is necessary to line the bole with metal casing. For this purpose, a certain number of casing 
tubes are placed end to cad and lowered down the weil. and are fixed 10 the wall of the well by 
cementing. Thereafter, drilling can centime down to the next critical depth. 

Each newly-drilled length must be fined with caring of outride diameter that b trnal enough to 
pass through the caring that is al^^ 

staircase structure with a hole that is large at the top of the well and much narrower at the 
bottom of the weD* Such a configuration is far from optimal: a Urge hole at the surface means 
that drilling time must be wasted in a non-productive zone, whereas a narrow hole in the 
useful zone* doe* not favor production by good draining of the formation. 

Wowe stilt, it often happens that the hole passes through unexpected 
boring has reached a critical depth. Such critical gooes may, for example, be veins of very 
friable rock or "pockets" of gas which, even though they are usually very localized, constitute 
major sources of danger both for the well and for the work force on the surface. Under such 
circu m stances, the only solution is often to cement these zones by putting casing into place 
snunetfiattfy. thereby further reducing the size of the hole, which can lead to a well being 
abandoned if further difficult zones are encountered as driffing continues. 
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It will abo be understood that it is very difficult to repair dunged casing by instaffing Dew 
casing, without feather sigmfcantry reducing the tire of the hole and thus running the risk of 
preventing penetration of certain toob or items of equipment that may be needed » the 
production zones, for example. 

Over the last few yeari, the indu^ 

competing them teinpocarily, so as to minimi* the number of ■ iteps- and to increase the 
downlink diameter of the wdL 

Proposal* bave thus been made to use a composite material cotnprising an eq a n dah le doth 
made of glass fibers impregnated with wihpolymerized epoxy resin and having i rubber 
men*ranccoveriiu3fo 

appropriate laying tool, the membrane is appfied against the wall of the hole or a damaged 
portion of casings and the resin is caused to polymerize by being heated. The main difficulty of 
that technique is that H requires electrical power of the order of 1 000 watts per linear meter, 
tbulimitmgiua 

of synthetic material cannot cowtitute a final replacement for metal casing since that needs to 
be capable, m particular, of wiftstandiiuj tresimen^ based on itrong acids or otbe materials 
that are particularly corrosive. 

US Patent 5 348 095 proposes making casing out of a continuous tube of ducule material 
capable of withstanding large amount* of plastic defamation. The tube is enlarged by a 
conical tool, and it can optionally be cemented. However, expansion of the tube is 
acconipankrfbyareductk^ 
probkimattheewkF^^ 

US Patent 5 366 012 proposes a perforated finer provided with overlapping longitudinal atots. 
A mandrel having a large mameter that is greater than the inside diameter of the perforated 
Hner is used to expand the waH of the finer aiid tlie orifi^ b 
cemem am Aen be cajt « eh^ 
the fi« is bored agaK thereby 

reinforcement. Tfce need for farther boring after cementing coiisthutea a major drawback of 
thtt technique, w addition 
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the tube are quite high and the final length of the finer b reduced Finally, the slots must be 
pierced in compliance with very precise specification, winch leads to a manufacturing cost 
that is high. 

An object of the present invention is a novel type of expandable casing that does not present 
the abcTO-meabooed drawbacks of the arL 

According to the invention* this object b achieved by a finer for n o mpl rt in g a bote in an 
underground formation, the liner being con st i t u t e d by a spM-wound strip of spiral cross- 
section, ks longmufinal edges having complementary touching profiles audi that after 
expansion the liner is circular in section. 

To complete a well, the spiral tube is lowered to the bottom of the hole and its walls are 
spread by means of a placement tool, eg. a conical tool, so as to place the kmgmidmal edge in 
a touching position where they form a cyfinder. A closed continuous liner h thus obtained 
which can be cemented in conventional manner without the cement invading the inside of the 
liner, and thus without there being any need to bore inside the casing. It should be observed 
that the spiral-wound casing of the invention is r^rticuUrry adapted to cementing wcfli thai arc 
horizontal or raultUaterai, given its small diameter in its contracted state which fends itself 
wdl to being installed in narrow wells or in wells of trajectory that impedes the lowering of 
traditional casing segments. 

The finer of the invention b also well adapted to provisionally completing problem zones. In 
any event the hole may optionally be enlarged in the difficult zone and a spiral finer whose 
diameter after expansion is close to the diameter of the hole before enlargement may then be 
put into place and cemented. Thereafter, drilling can continue and the entire column, including 
the zone that haa already been completed, b subsequently completed in corrvcntional manner. 

The spiral casing of the invention can also be used for repairing casing that has been damaged, 
since the outside diameter of the spiral casing after expansion can be se l ected to be equal to or 
very slightly less the inside diameter of the casing that is already b place. 

The spiral-wound strip preferably has c hamf ered longitudinal edges that define contact 
surfaces whose general direction lies in a plane which forms a non-zero angle relative to the 
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kxigftudinaJ axis of the Kner. Also prefenbiy, the longitudinal edges have a crenelated section 
to provide mechanical engageinem at a pred^ 

In a more particularly preferred vuiant of the invention, the liner is obtained by rolling up i 
strip about an axis that if at a certain age relative to thetA of fjronie«iyoftlieitrip.Uoder 
such circumstances, when the Oner Urn the coixraeted state, ft Im edges wbto fonn a dtoble 
hefix aroiad the oyfinder. If tte peiW 
figure is obtained whose length iaeot altered by expansoq.. 

Tb« finer of the fawentioo can be wound lengthwK 

coiled tubing. In order to complete sections that are of great length, it is possible to weld 
together a plurality of sheets, either during manufecrurc of Ac finer, which » preferable when 
using the coded tubing technic of else (Erectly oo she. 

The Hner of the invention can be made of metal. e.g. steel or any other material having the 
desired degrees of elasticity and plasticity. It rfsoukloe observed to if a highr/dastfcnta^ 
is selected, and providing it has not bow cemented, men the finer of the invention can 
optiooaly be removed, thus msldng ten^n^ pheemeots possible. 

Other details and advantageous ch-recteriirica of the invention appear from the following 
description given with reference to the figures, in which: 

• Figure 1 is a diagrammatic view of a first embodiment of a finer of the mvettfion before and 
after expansion, shown in perspective (Figures la and lb) and in end view (Figures la' and 
lb*); 

-Figure 2 shows an expansion tool; 

• Figure 3 shows an example of mechanical ettgagan^ «sing tootle edges (Rgurra 3e to 
3d) and shows various profiles for such toothed edges; 

• Figure 4 U a perspective view of a liner m the c« 
with toothed sections; 
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- Figure 5 ihows a finer of the invention hiving bngitudnu] edges coostitutmg a double hefix, 
seen in perspective in the contacted stale (Figure 5a). after expansion (Figure 5b), and in 
longitudinal section (Figure 5c); 

- Figure 6 shows an example of temporary completion using a finer of the invention; 

• Figure 7 shows a typical sequence for completion of a production zone; and 

•Figures shows a variant oft finer of the inventkm that b perforated s^ 
screen. 

The concept of the tnventkm is shown in Figure 1. A strip, e»g. a metal strip, is spiral-wound 
(Figures la and la*) with overlap over an angle A. After expansion, the liner is circular in 
section and its longitudinal edges come into contact to constitute a dosed peripheral surface 

If the winding follows an Archimedes' spiral, then writing £ for the thickness of the strip and 
Dc for the pseudoKsameter of the spiral-wound strip in the contracted state; the value De of 
the diameter after expansion is given by the following equation: 

where A, the overlap tngje, is expressed in radians, and where the lengths De, Dc, and £ are 
expressed in the same units. 

With an overlap of 90* as shown in Figure la, a liner having an outside diameter De of 17.8 
cm (7*) and a thickness £ of 9 J mm (3/8 of an inch) is contracted to a diameter Dc of 14.9 cm 
(5.86"). For an overlap of 180*, the expansion is close to 50K. 

By way of example, the tool for expanding the liner of the invention can be constituted by a 
double cone assembly as shown c^agramnuricalry in Figure 2, having a first end 10 suitable for 
being fixed to the end of a coiled tubecr of a strmg of rods, and a second end 11 of diameter 
snmar to that of the spiral-wound liner in the contracted state, thereby enabling the spiral- 
wound finer to be pushed to the zone which is to be completed. The expansi o n tool also 
includes an enlarged zone 12 of outside diameter dote to the inside diameter of the liner after 
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h has been expaiuied live erusrgedxooe 12 upre^^ 

part by remote control means such as hydraulic pressure, mechanical means, or * combination 
of such means ai b «>nvcnnonal for puuxment tools as used in wells. 

m the variant oftlm motion shown to fig^ 

grvroteethwutoforaamcdunkril^ 

3d, a toodiedeQ^mtbb case an edge having mreet^ 

It my alto be observed that the longtodtinl edge* have a cortart area taring fas a genaial 
direction D at a non-zero sngte relative to the non^ 

angle of about 45«, and mote generally lying ■ the W J<T to eVb generally pcefcued. 

Other variant toothed profiles art shown m Figure 3e The number of teeth can be increased, 
or on tbe century, decreased, ud It if possible to select proffles that are nearer to being 
fqutre so as to achieve engagement that is closer to being of the tenon and mortise type. In all 

— > 

of the examples shown in Figure 3, the toothed edges follow a general direction D at a 
certain angle relatrve to the iwrmal tote 

preferably such aa to nmtaae radial fiiction force* that tend to oppose sfiding of the two 
complementary portion* As shown in Figure 3e,tnedast«fo«08s Fa and RAatrewhfiw 
expanding the apiral-wound finer create radial fiiction forces Fc and Fd which tend to move 
the edges apart Thbseparetkwfc^cinte 
shape of the teeth. 

The foroes Pa and Fb which assist b locking the finer are diroctfy mx>|K>rtiond to tto ov^ 
angle A of the finer in the eoear^ posits 
increase tne radial forces 10 that a balance inustb^ 

expansion and mechanical locking. 

The finer it expanded into the shape of a cone tf dimensions that depend essentially on the 
geometry of the spraNvound fear and on its elasticity, arid to a entailer extern on the apex 
angle of the corneal expansion tool. To fa* fiirtion fbreea. it nay be advartageow to se^ 
an expansion tool constituted by a cone whose apex angle is dose to thai of the •natural* 
expansion cone of the spiral-wound finer. 
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As shown more particularly in Figure 4, the axis of the engagement teeth forms an angle B 
'with the axis of the spiral- wound tube. Ttts angle B has an optimum value lying between the 
"natural" expansion coiie angle ofthe finer and zero, 

Figures shows the most particularly preferred variant of the invention m which the finer is 
obtabed by raffing up a strip about an axis that is at a certain angle relative to the axis of 
symmetry of the strip, bx the contracted position (Figure 5a), the edges form a double hefix 
around the finer. After expansion (Figure SbX the two heSxes coincide and the junction fine 
winds helically around the Boer. 

A particularly advantageous aspect of this geometry Bes in it being possible for expansion to 
be p erfo r me d without changing the X length of the liner. U, as shown in Figure 5c, the 
•oumoters* of the liner are written Dc and De (where index g corresponds to the finer being in 
the contracted state and index £ to the finer in the expanded state), and if the periods of the 
hefical curves followed by the iongrtudinal edges are written He and He (where the period of a 
helix is defined as being the distance measured along the kfflgstwfinal sods of the liner between 
two corresponding points that ire one complete turn apart around the cylinder of diameter Dc 
(or De the csm may be)X aixl if the ten^ 

a hWwkxse total length is X, it can be shown that the length L is equal to: 



X does not vary. 

With this double hehx configuration, it should also be observed that if the strip constituting the 
finer is of thickness W, then the diameter after expantkmu 




and that consequently, if the tape is rolled up in such a 
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Finally, another consequence of this geometry is thai all points on the surfrce of the liner move 
in a pUnc perpendicular to the axis of the liner duriiuj the expaiuro 
double hefix finer ire cut perpencScutarly to the longitudinal axis, then ifter expansion these 
ends wfll define perfect drtks in plane thtt are themselves perpendicular to the Icrcghiidinal 
axis of the Boer. This dtsporition is particularly fiworiMe for ensuring seating of the 
completion at the cods of the fine*. 

Figures 6md7ut highly diigjammttic and show two cxunpks of compl<rion using a sptral- 
wound finer of the invention, it being understood thai these examples ace not Imnting in any 
way. 

In the example shown in Figure 6\ the spiral-wound tube b used fcr completing a zone in 
temporary manner. In a wrB » deep waier. the prc*km n 
between the fi^ctufing gradient an^ 

problems associated, for example, with the presence of formations that are highly unstable 

(clayey rock, sands, salts, etc.) in depletion zones, or other problems that are well known to 

the person skiDcd in the art. The financial coitsecpienM 

proportion to their length sii» s*t^ 

on an extra occasion, thereby reducing the diameter of the hole. 

The wefl has been drilled and casing has been installed in Ha upper portion I . DriHng has then 
continued l>eneath thee 

b not cased, prior to reaching a 201* 4 of length U whic* 
(Figure 6a). The decision is taken to proceed with temp^ 

mvernion. A spiral-wound liner 5 Is pushed towards the bottom of the well by means of a 
dotAle conic*! expansion too^ 
iiic^ on (pgurcoc) so as to spr^ 

diameter (Figure 6c). Once the iner b in place (Figure eld) the expansion tool is returned to 
the aurficc and the finer is cerwnted usmg Uner ceme^ 
shown here, the finer ts|*^^ 

the finer towards the annuhis 9 whkh is to be cemented, however it is dear that a < 
shoe could be used. 
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After expansion, the inside diameter of the liner b practically kJentical to the diameter of the 
hole in Tones where there are no drilHng problems (where necessary, the hole can be enlarged 
in the zone that require* treatment by means of a reamer). Drilling can then be started again 
without any need to drill through a cemented zone; and the entire well can be completed in 
accordance with the original drilling plan, and without any reduction in the diameter of the 
well 

ItUdetJthat adtfeion^ 

of the iirventkxL Abo, the incr is preferably fitted with eodpkces made of a materia! that is 
easUy deformed and that is easy to drifl (e.g. sJuminumX thereby guaranteeing that the spiral- 
wound finer is property expanded over h* entire length. 

A typical sequence of using a spiral-wound finer of the invention fix completing a section of a 
reservoir is shown in Figure 7. Such an operation may be envisaged, for example; with 
formations that are unstable or sandy. 

The spiral-wound finer of the invention is brought in the contracted state to a non-cased 
section of the reservoir (Figure 7a) and it is then expanded by means of an expansion tool 
(Figures 7b and 7c). Like any other production finer, the finer of the invention is, in this case, 
pierced to allow production fluids to pass therethrough, and as shown in Figures, it is 
preferably covered in a grid which may be fixed thereto, e.g. by being welded to the strip prior 
to spiral winding. The grid is preferably on the outside face of the liner, racing towards the 
walL 

It should be observed that the surface area of the roUed-up strip remains unaltered during 
exrjansion so wets are not weakened by the spiral-wound liner of the arventioa being put into 
place and expanded For the same reason, the suae and distribution of the openings provided 
Gar allowing the production (bids to pass can be selected in a manner that is entirely 
independent of the diameters in the contra ct ed state and m the expanded state, Thts makes it 
possible^ in particular, to obtain a liner that b very strong in association with greater stability 
and longer life of the well. 
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For a horizontal weO, ■ spiral-wound liner of the invention is ptnkalarry advantageous since U 
an be placed very close to the formation, even in the upper portion of the finer, and that is 
often not the cue with a conventional finer that is ineapabte of being contracted. 

So long as it has not been cemented, a spiral-wound liner can be withdrawn by means of a 
■pedal toot which separates the longitudinal edges so u » allow Ae Boer to tofi up again and 
return to a state simitar to that of ha fcftbl oontracted state If sueb withdrawal is eapected 
only after several months or yeas, cm be taken to tise a ostt^ that k capable of 
retaining its elastic properties over such a hag period of time. 



The geometry of the spiraVwound finer of the invention U einireV con,*taie wim mw 
production at low cost For example, it is possible to use inetal snips (whew necesssry strips 
that are welded together) that are pierced in a predefeted pattern, eg. by punches ntountod on 
rollers or by a bydraufic press having s punch. The longitudinal edges are preferably rectified 
continuously so as to give than a toothed profile, and grids may tfflrilariy be welded at least 
along one of the longitudinal edges before winding into a spiral EnaBy. the strip may be 
apinl-wound dkectly and then ceded, either continuously or dse after being ait up into equri 
lengths. 

In general, it b preferable to pay out a liner of the tave*ionm»» reel incethJto cheaper 
once the section to be completed is long, and more reliable since connections are omitted. 
Nevertheless, rtUecnjaltypowfole to i» 
zone by repeatedly placing ami expanding lengths of finer. 
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CLAIMS 



1/ A finer fix completing a hole in ao underground formation, the finer being constituted by t 
spiml*wound strip, its longitudinal edges having complementary touching profiles such that 
after expansion the liner is circular in section. 

2/ A finer according to daim 1, characterized in that the longitudinal edges define a contact 

surface of general dbxerion D lying in a plane thai forms a non-zero angle relative to the 
ic4\gfeudmal axis of the finer. 

V A finer according to claim 2, characterized in that said angle formed by the general direction 
D of the contact surface lies in the range 30* to 60°. 

4/ A finer according to any preceding claim, characterized m that the touching longitudinal 
edges have a sawtooth profile. 

5/ A finer according to any preceding daim, characterized in that the liner b obtained by 
rolling up a strip about an axis that is at a certain angle relative to the axis of symmetry of the 
strip. 

6Y A liner according to any preceding cfadxn, characterized in that it b provided with openings. 

II A liner according to daim 6. cha ra cte riz ed in that it is covered in a grid. 

8/ A finer according to claim 7, characterized in that the grid is wdded on 

9/ A method of completing a hole in an underground formation in which a spiral-wound strip 
b lowered down the hole, and the strip is opened unti a circular section b obtained by means 
of a conical placement tool for putting the longitudinal edges into a touching position. 

107 A method according to daim 4, characterized in that it also includes a cementing 
operation. 

11/ The use of the method accenting to claims 9 or 10, for temporary cwnplettoo of zones 
that are depleted or unconsolidated. 
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12/ The use of the method according to daim9or 10, for repairing a casing, 

1 3/ The use of the method of claim 9 for completing t production 2one. 

14/ A syitem for completing t hole in an underground formation, characterized in that it 
includes a finer according to any one of claims 1 to % and an expansion tool suitable fix 
splaying apart the longfaadinal edgts until they tike up a position where they touch each other 
edge-to~edgei 

IVAtooltowhiidnwngahteaa 1 to R, the tool comprising 

means for moving the longfoidtoal edges apart by a <fiameter greater than the diameter 
compristtg to a circular section and enabling the finer to shrink so as to return to a spiral- 
wound configuratkm of a diameter that is small enough to enable the liner to be extracted from 
the well. 
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